Summary. The effects of chronic treatment with norgestomet on follicular dynamics, corpus luteum growth and function as well as the temporal relationships among body temperature, oestrous behaviour, the luteinizing hormone (LH) surge and ovulation following implant removal were studied in 16 Holstein heifers. Oestrous cycles of the heifers were initially synchronized using 2 injections of prostaglandin F-2\g=a\(PGF-2\g=a\) 12 days apart. The heifers were then implanted with a norgestomet ear implant for 9 days, beginning either at the middle of the synchronized cycle (dioestrus) or at the end of the synchronized cycle (pro-oestrus). Follicular dynamics, corpus luteum growth and regression, and plasma progesterone were not affected by norgestomet treatment at dioestrus. The dominant follicle present at the time of norgestomet implantation in the pro-oestrus group was maintained during the 9-day implant period in 6 of 8 heifers and ovulated after implant removal. Time from implant removal to onset of standing oestrus and time to LH peak following implant removal were highly correlated with the time of ovulation (r = 0\m=.\92and 0\m=.\96,respectively). Onset of standing oestrus and the LH peak and the onset of standing oestrus and peak vaginal and rectal temperatures were also highly correlated (r = 0\m=.\96, 0\m=.\82and 0\m=.\81,respectively). It is concluded that any decrease in pregnancy rates following treatment with norgestomet is not due to asynchrony among oestrus, the LH surge and ovulation.
Introduction
Failure to synchronize (100%) oestrus adequately and completely in cattle is a major limitation in successfully using artificial insemination. Various procedures to control oestrus and ovulation are being developed to overcome these limitations. Wiltbank & Gonzalez Padilla (1975) , Short et al. (1976) and Humphrey et ai (1977) used a synthetic progestin (norgestomet) in combination with oestradiol valerate to control oestrous cycles. This treatment is now commercially available as Synchro-Mate (Ceva Labs, Kansas, USA) for synchronization of oestrus in dairy and beef heifers and post-partum beef cows. The incidence and synchrony of oestrus following the above treatment is high (Miksch et ai, 1978; Spitzer et ai, 1978) , but numerous studies have reported lowered pregnancy rates (Rentfrow et ai, 1987; Brown et ai, 1988; Mikeska & Williams, 1988) .
It has been suggested that lowered pregnancy rates following norgestomet treatment may be due to (a) asynchrony between oestrus, the preovulatory surge of luteinizing hormone (LH) and ovulation (Rentflow et al, 1987) ; (b) a delay in the selection of the ovulatory follicle (Mikeska & Williams, 1988) ; and (c) the stage of oestrous cycle at which norgestomet treatment was initiated (Brink & Kiracofe, 1988) . In an attempt to resolve these issues, the present study investigated (a) follicular dynamics and corpus luteum (CL) Rajamahendran & Taylor, 1990) . The ovaries were scanned in several planes to identify all visible follicles and the CL. Landmarks such as a CL, other follicles, the poles of the ovary and the orientation of the ovary were used to identify individual follicles. Appropriate images were arrested and structures measured using a built-in caliper system and permanent records were made using a video processing unit (Mitsubishi Electronics Co. Ltd, Tokyo, Japan).
Breeding and pregnancy diagnosis. Heifers were inseminated using previously frozen semen from the same bull -12 h after the onset of standing oestrus. Heifers not returning to oestrus within 28 days after insemination were scanned using ultrasound for confirmation of pregnancy (Taylor & Rajamahendran, 1989) . Pregnancy was diagnosed on the basis of visualization of a foetus with an identifiable heart beat.
Hormone analysis. Concentrations of progesterone and LH in plasma were determined using radioimmunoassay procedures described by Rajamahendran & Taylor (1990) and Vorstermans & Walton (1985) . For LH, the assay standard was NlAMMD-bLH-4 (2-2 x NIH-LH-B1). All results were then corrected to NIH-LH-BI. The sensitivi¬ ties of the progesterone and LH assays were 005 ng/ml and 0T 6 ng/ml, respectively. Intra-and inter-assay coefficients of variation were, respectively, 9 and 12% for progesterone and 6 and 19% for LH. (31-2 + 2-1 vs. 32-0+ 1-8 mm) , the maximum progesterone concentration (4-3 ± 0-3 vs. 4-5 ± 0-3 ng/ml) and the timing of CL regression based on diameter (18-6 + 11 vs. 18-3 ± 1-7 days) and progesterone concentration (17-7 ± 0-8 vs. 17-5 + 10 days) were not different between heifers treated at dioestrus and pro-oestrus (Fig. 2) 
Discussion
Data in the present study do not support the suggestion that there is asynchrony between oestrus, the LH surge and ovulation in cows synchronized with norgestomet (Rentfrow et al, 1987) . The correlations among the onset of standing oestrus and the LH surge, onset of standing oestrus and ). The present study further supports the notion that young animals ovulate later in relation to oestrus and the LH surge than mature cows (Christenson et ai, 1975; Schams et ai, 1977; Rajamahendran et ai, 1989) . Ultrasound imaging has been used effectively to monitor ovarian follicular dynamics and CL growth during different reproductive states in cattle and the measurement of these structures with a built-in caliper system has been validated (Pierson & Ginther, 1988; Rajamahendran & Walton, 1988) . A wave-like pattern of follicular growth occurs during the oestrous cycle, 3 waves being common in heifers (Savio et ai, 1988; Sirois & Fortune, 1988) . Three waves of follicular growth observed in heifers in the present study as well as the sizes of the dominant follicles, CL, timing of regression of dominant follicles and CL are in agreement with the above reports.
The present study reveals that treatment of heifers with norgestomet at dioestrus (in the presence of CL) did not have any effect on the wave-like pattern of follicular growth, but, when the treatment was given at pro-oestrus (in the absence of CL), the dominant follicle present was main¬ tained for the duration of the treatment and there was no growth of medium or small follicles. These differences in follicular dynamics could be due to changes in the secretory pattern of LH. Sirois et al (1989) also reported prolonged maintenance of an ovulatory dominant follicle with the administration of low concentrations of progesterone. This implies that the norgestomet treatment given during pro-oestrus mimics the actions of low concentrations of progesterone. In cattle, administration of subnormal concentrations of progesterone has been shown to alter LH secretory pattern compared with animals receiving normal luteal concentrations (Ireland & Roche, 1982; Roberson et ai, 1989) . Roberson et al. (1989) also reported that the concentrations of oestradiol-17ß were higher and the onset of preovulatory surge was earlier in cows receiving subnormal pro¬ gesterone stimulation. This, according to our observation, may be related to the presence of an ovulatory follicle at progesterone withdrawal.
Two out of 8 heifers treated at pro-oestrus ovulated in spite of norgestomet treatment. This may be due to either insertion of the implant after the LH surge or insufficient norgestomet released from the implant to inhibit the LH surge. The fact that these 2 heifers had small CL at implant removal indicates that sufficient norgestomet was released to either suppress luteotrophic support (Ottobre, 1980; Battista et ai, 1984) or cause early luteal regression (Ottobre, 1980 , Garrett et ai, 1988 . Administration of progesterone early in the cycle has been shown to reduce oestrous cycle length in cattle (Rajamahendran et ai, 1981) . Possible reasons for reduced fertility in cows synchronized with norgestomet may lie in the altered dynamics of cows synchronized with the Syncro-Mate method. Mikeska & Williams (1988) suggested that retarded selection or matu¬ ration of the ovulatory follicle following norgestomet treatment may decrease conception rates in fixed-time-inseminated females. The present study clearly shows that the ovulatory follicle is main¬ tained for the duration of treatment when they are treated at pro-oestrus. With luteolysis occurring early after norgestomet implantation, as a result of the oestradiol valerate injection in the SyncroMate protocol, the ovulatory follicle would be selected and maintained for the remainder of the norgestomet treatment period in most of the treated animals. Administration of oestradiol valerate during the late luteal phase will disturb ovarian follicle growth and result in maintained follicles (Rajamahendran & Walton, 1990) . Although it appears that some follicles under norgestomet treatment ovulate at a later stage than dominant follicles from most normal cycling 3-wave heifers, the pregnancy rate in the present study does not suggest that prolonged maintenance of the dominant follicle is necessarily detrimental to conception rates.
In conclusion, it would appear that norgestomet treatment is an effective method of oestrus synchronization with no effect on the relationship among the onset of standing oestrus, the LH surge and ovulation following implant removal. Pregnancy rate in the present study does not reflect any decrease in fertility in heifers where the ovulatory follicle had been maintained for the 9-day norgestomet treatment. There may be a uterine effect, or other factors that have not been addressed in this study could be attributed to detrimental effects of norgestomet on pregnancy rates.
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